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| INTRODUCTION
Pancreatic cancer is one of the deadliest malignant neoplasms, with a five-year survival of only 7%. 1 The incidence of pancreatic cancer has increased over the past decade, and it is projected to become the second leading cause of cancer-related deaths by 2030 in the United States. 2, 3 The poor prognosis of pancreatic cancer can be attributed in part to the large proportion of patients that present at an advanced stage which precludes surgical resection. Biliary decompression is often required in advanced pancreatic cancer for symptomatic relief and to allow neoadjuvant chemotherapy in patients with borderline resectable tumors. 4, 5 Endoscopic retrograde cholangiopancreatography (ERCP) plays a critical role in the management of obstructive jaundice among pancreatic cancer patients. When compared to other biliary decompression interventions, such as percutaneous transhepatic biliary drainage (PTBD) or surgical biliary bypass (SBB), ERCP is associated with fewer adverse events, shorter length of stay, decreased hospital costs, and improved quality of life scores. 6, 7 Studies appraising the utilization of biliary decompression interventions can inform strategies to increase ERCP access and appropriate utilization. Despite the importance of ERCP in the treatment of pancreatic cancer, it remains unknown whether racial/ethnic or regional disparities exist for the use of ERCP. These disparities have been described in access to other pancreatic cancer treatments. Black patients are less likely than Whites to be referred for curative surgery or chemotherapy, even after adjusting for tumor stage. [8] [9] [10] [11] [12] Furthermore, patients with early stage pancreatic cancer in the Northeast are more likely to be referred for surgical resection than those in the Southeast, Midwest, and Pacific West. 9 Given the findings from prior studies, we hypothesized that there are racial/ethnic and geographic disparities in access to biliary interventions, including ERCP, such as Black patients being less likely to receive ERCP as an initial biliary intervention. The aim of our study was to characterize geographic and racial/ethnic disparities in ERCP utilization among patients with pancreatic cancer.
| METHODS

| Data sources
We conducted a retrospective cohort study using the Surveillance, Epidemiology, and End Results (SEER)-Medicare database. The SEER-Medicare database contains data on patient demographics, clinical characteristics, tumor location and staging, diagnostic and therapeutic treatments, and overall survival for all included patients. 13 The SEER program collects data from 17 cancer registries and represents roughly 27% of the population of the United States, while the Medicare database contains health insurance claims for approximately 97% of the population that is 65 years or older. 13 Institutional Review Board (IRB) exemption was obtained to review previously collected data (HUM00128282).
| Study sample
We included patients diagnosed with pancreatic cancer from 2003 to 2013. Pancreatic cancer histology was based on the International Classification of Diseases for Oncology (ICD-O-3) codes (Table S1 ). Biliary interventions evaluated in our study included ERCP, PTBD, and SBB. Patients were excluded if they had a history of other cancer, histology other than adenocarcinoma, or if their pancreatic cancer diagnosis was made at time of death or on autopsy ( Figure S1 ). We excluded patients with multiple biliary interventions on the same date due to unclear order of procedures and concerns for coding errors since this is unlikely to happen in clinical practice. Patients with biliary interventions greater than 2 months before their diagnosis were also excluded given this was more likely related to reasons other than pancreatic cancer. their diagnosis or to death. This was because some of their claims may be captured by HMOs rather than by Medicare.
( Figure S1 ). The MEDPAR and outpatient files were used to identify diagnosis and procedural codes using International Classification of Diseases (ICD)-9 codes, the American Medical Association Common Procedure Terminology (CPT) codes, and the health care common procedures codes (HCPCS) (Table S1 ). 18 Clinical characteristics were also obtained from SEERMedicare. From the MEDPAR files, we were able to determine whether a patient required ICU level care in either the general, medical, or surgical ICU and the date of the admission to the ICU. Patients were determined to require ICU level care if the admission date was after the time of their diagnosis (if no biliary intervention was performed) or at/after the time of their biliary intervention. ICD-9 codes from the MEDPAR files were used to identify patients with jaundice, cholangitis, or gastric outlet obstruction during any admission after the time of their diagnosis but prior to a biliary intervention, if they received one. SEER has recorded whether patients have received site-specific surgery with classifications to the type of surgery they received, including a Whipple. Patients were considered to have received a Whipple procedure based on this SEER designation of receiving site specific surgery. However, the date of this procedure was not recorded in the SEER file. Last, ICD-9 codes and CPT codes were used to identify if a patient received an ERCP, PTBD, or SBB and the date of their procedure.
| Outcomes
Our primary outcome was receipt of ERCP, with or without stent placement, vs a non-ERCP biliary intervention (ie PTBD or SBB). Patients without any biliary decompression were excluded. We also excluded patients with Whipple resection because we could not accurately determine if the biliary intervention preceded or post-dated the surgery.
We included any biliary intervention that occurred within two months prior to pancreatic cancer diagnosis or anytime after diagnosis because: (a) biliary decompression can be achieved prior or concurrent to confirming a diagnosis of pancreatic cancer and (b) pancreatic cancer codes may be delayed after a diagnosis has been confirmed. 19 A two-month window was determined a priori based on expert opinion; the appropriateness of this cut-off was confirmed as there was a stepup in the frequency of biliary interventions two months prior to diagnosis of pancreatic cancer in our dataset.
| Statistical analysis
We first characterized the proportions of patients who received ERCP, non-ERCP biliary drainage, and no intervention. For our analysis, we identified correlates of ERCP receipt using Student t test and chi-square test for continuous and categorical variables, respectively. The CochraneArmitage test for trend was used to evaluate receipt of ERCP by year. Stepwise forward regression was used to identify covariates of interest which were ultimately used in our multivariable logistic model. The covariates in our analysis were: race, gender, age at the time of diagnosis, SEER region, location of tumor (head, body, tail of pancreas), AJCC tumor stage, sixth edition (Stage I-Stage IV), year of diagnosis (continuous variable), requirement of ICU stay, CCI, and presence of cholangitis, gastric outlet obstruction, or jaundice. Analyses were conducted using Stata 15.0 (Stata Corp, College Station, TX).
| RESULTS
| Study sample and patient demographics
Of 83 164 potentially eligible patients, we excluded patients with a history of other cancers (n = 17 348), histology other than adenocarcinoma (n = 4065), initial diagnosis of pancreatic cancer on death certificate or autopsy (n = 2392), and patients with non-continuous Part A/B coverage or coverage by an HMO during the study period (n = 19 522). Of the remaining 39 837 patients, we excluded 837 patients who had no Medicare Part A or B claims, 1752 patients who had a biliary intervention greater than 2 months prior to their diagnosis, and 629 patients who had more than one procedure on the same date. Overall, there were 36 619 eligible patients with pancreatic cancer ( Figure S1 ). Demographics of included patients are shown in Table  1 . Most patients were White and between the age of 65 and 80 years old. Nearly half of the patients presented with tumors in the head of the pancreas, and over 40% had stage IV disease at the time of diagnosis. Only 11% of patients had jaundice and less than 5% of patients received ICU care after pancreatic cancer diagnosis. Among the more than 1400 patients who required ICU level care after their diagnosis, the majority (58%) received a biliary intervention (Table 1) .
In total, 13 719 patients underwent a biliary decompressive intervention. The most common biliary decompressive intervention in this cohort was ERCP (82.6%) ( 
mass in the head of the pancreas (72.3%) ( Table 1 ). Among the 13 000 patients who underwent a biliary intervention, 30.5% had stage IV disease (Table 1) .
| Receipt of ERCP as initial biliary intervention
Compared to patients who had a non-ERCP biliary intervention, a greater proportion of patients who underwent an ERCP were White, have a mass in the pancreatic head, have early stage cancer, and present with jaundice or cholangitis ( Table  2) . While the use of ERCP decreased from 2003 to 2013, the use of non-ERCP interventions also decreased ( Table 2) . A fewer proportion of patients who received an ERCP required a stay in the ICU as compared to those patients who underwent a non-ERCP intervention ( Table 2 ). There was no statistically significant difference in the CCI between patients who underwent ERCP vs a non-ERCP intervention (Table 2 ). There were racial/ethnic and geographic disparities in receipt of ERCP as the initial biliary intervention after adjusting for tumor stage and clinical presentation (Table 3) . Blacks were significantly less likely to receive an ERCP compared to Whites (aOR 0.84, 95% CI 0.72, 0.97) (Table 3 ). However, Blacks were more likely to receive PTBD compared to Whites (aOR 1.38, 95% CI 1.14-1.66) (results not shown). Patients in the Southeast and the West were more likely to receive ERCP compared to those in the Northeast (Table 3) .
| DISCUSSION
In this analysis of population-based data, we found racial/ ethnic and geographic disparities in receipt of biliary interventions, including ERCP, among patients with pancreatic cancer. Black pancreatic cancer patients were less likely to receive an ERCP, which is the preferred route of biliary decompression, and more likely to receive PTBD. Patients in the Northeast were less likely to undergo ERCP as compared to those in the Southeast and West. These findings highlight the presence of inequitable utilization of endoscopic procedures that have been shown to play a critical role in the management of pancreatic cancer.
ERCP is recommended as the initial biliary decompressive intervention for patients who present with biliary obstruction due to a pancreatic head mass. 20 Our results are encouraging in that they demonstrate that the large majority (~83%) of patients who underwent a biliary intervention due to pancreatic cancer received the optimal treatment modality-ERCP. However, our findings also demonstrate that approximately one in six pancreatic cancer patients received PTBD or SBB, with Black patients being less likely than Whites to receive an ERCP. The primary driver of non-ERCP interventions is unclear at this time. While a growing body of literature, including randomized controlled trials and "real world" cohort studies, have shown that endoscopic biliary drainage is associated with lower adverse events, shorter length of hospitalization, lower costs, and better quality of life scores, our study demonstrates that disparities in access to ERCP across racial/ethnic and geographic cohorts remain. 6, 7 Further studies are needed to determine if these differences are related to accessibility of treatment, local expertise, or regional practice variations in an effort to bridge the gap in care among pancreatic cancer patients. Minority populations have been found to be especially vulnerable to the inequitable distribution of healthcare across America. 9, 21, 22 While factors such as tumor biology may account for some of the differences in cancer related mortality among minority groups, existing literature highlights racial and ethnic disparities in the receipt of cancer treatments, such as Whipple surgery or referrals for chemotherapy. [10] [11] [12] 21 The findings from our study add to the growing body of literature highlighting disparate receipt of oncological care among Blacks and also highlight that these inequities may exist in the delivery of endoscopic procedures important in the care of pancreatic cancer patients. While differences in access to ERCP may play a central role in these disparities, examining other factors, such as patient preferences, physician preferences, or local expertise are important next steps to understanding the findings from our study. We also noted regional variations in receipt of ERCP across the United States. Prior studies evaluating receipt of surgery for early-stage pancreatic cancer found patients in the Northeast were more likely to be referred for curative surgery, possibly due in part to the concentration of high volume, tertiary care centers in the Northeast that specialize in hepato-pancreato-biliary surgery. 9 In our study, we found patients in the Northeast were less likely to receive an ERCP as compared to non-ERCP biliary interventions if decompression was required. Regional variations in expertise and care could be potential explanations. For example, since patients in the Northeast are more likely to undergo surgery for earlystage pancreatic cancer, those who are deemed unresectable in the operating room may be receiving SBB prior to closure, reducing the fraction of ERCP treated patients. However, we cannot exclude the possibility of confounding by unmeasured factors. Although existing data describe a >90% success rate in selective biliary cannulation in pancreatic cancer, and the findings from our study show that over 85% of patients received an initial ERCP for biliary decompression, our results suggest that treatment varies throughout the United States. 20 Future researches should focus on how those disparities may influence clinical outcomes and how access or local expertise in care may change the procedure a patient receives. Interestingly, almost 45% of our patient population underwent a biliary decompressive intervention although only 11% of patients had an ICD-9 code for jaundice. This could be due to miscoding or lack of coding for jaundice. Given that the vast majority of ERCPs are performed in a hospital based setting, as opposed to an ambulatory surgical center, the decision was made to use the MEDPAR and outpatient claims files only, rather than including claims from carrier claims files as well. This also prevented double counting of outpatient procedures that may be listed in both the outpatient claims file and carrier claims files. However, carrier claims files include claims data by non-institutional providers, such as physician assistants, and this could account for a lower than expected percentage of patients with jaundice.
Our study has some important limitations, including those inherent to using insurance claims. First, while linkage of SEER data with Medicare claims data increases available clinical information, we cannot exclude the possibility of residual confounding in multivariable analyses showing racial/ ethnic and geographic disparities. 13, 23 Importantly, we were unable to determine necessity for biliary decompression, especially given that over 50% of patients did not undergo a biliary intervention, which may have been appropriate given lack of symptoms, laboratory abnormalities, or significant comorbidities. Second, SEER-Medicare does not include the entire US and is limited to only the older population. Third, we cannot exclude the possibility of miscoding for important variables such as race/ethnicity, diagnosis, or procedural codes. Last, there was a downtrend in the number of ERCPs performed over our study and especially in 2013. However, this trend has been observed in prior studies evaluating the trend of ERCP in the US. 24, 25 To the best of our knowledge, this is the first populationbased study to examine variations in access to ERCP across the United States. The findings suggest that utilization of ERCP varies according to race/ethnicity and geographic location in the United States. Understanding the clinical implications and factors that play a role in these gaps will be important to improving quality cancer care for all patients with pancreatic cancer.
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